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Apparatus to Illustrate Doppler’s Principle. —The 
movement of the lines in a spectrum due to the approach or 
recession of the source of light is now so thoroughly well known, 
and has become of such importance in astronomical ques¬ 
tions, that a laboratory experiment to illustrate this fact will be 
of interest. The idea, which we owe to the Russian astronomer, 
A. Belopolsk)', and which was published in the Memorie della 
Societa Degli Spettroscopisti Italiani , is as follows :—We know 
that the wave length of light ray can be varied by reflecting the 
light into a movable reflector, the amount of variation depending 
on the velocity of the reflector and the angles of incidence and 
reflection. By allowing the light to fall as vertical as possible 
on to the reflector, the variation of the wave-length can be 
magnified at will by increasing the number of reflectors. Now 
the apparatus suggested consists of two cylinders with parallel 
axes capable of being rotated very rapidly in opposite directions. 
On the surfaces of each a large number of reflectors are fixed, 
which are so arranged that when a ray of light from a heliostat 
falls on the reflector of the first cylinder, then from this on to a 
reflector on the second cylinder, and so on backwards and for¬ 
wards, and finally into the slit of a spectroscope. 

By closing first half the slit and photographing the spectrum, 
and then, on the same plate, photographing again the spectrum, 
only this time using the other half of the slit, the movement of 
the lines will thereby be doubly recorded on the plate, the 
double displacement being due to the two directions of rotation 
of the cylinders during the first and second exposure respectively. 

Whether this idea can be carried out practically is yet to be 
seen, for there are many difficulties connected with it, such as 
the great velocities of the cylinders, perfect rigidity, &c., which 
will be hard to overcome. 


THE PRAISE PE CLUSTER} 


HTHIS work belongs to a class of investigations whose number 
*** has been steadily increasing in the last few years. The 
discussion of the relative motion of stars in loosely aggregated 
groups is a study that may throw light on intricate questions 
connected with the structure of the cosmos ; and in this point of 
view, the Pleiades group has been discussed by several astro¬ 
nomers since Bessel laid the foundation for such inquiries more 
than fifty years since. The cluster in Perseus, the stars about 
the nebula of Orion and some other groups have already 
engaged the attention of astronomers, but nothing more com¬ 
plete or more interesting has appeared than the present investi¬ 
gation due to Dr. Schur; and it will hold its own till lapse of 
time gives a more trustworthy hold upon the small mutual dis¬ 
placements which successive investigations may reveal, for 
greater accuracy of measurement can scarcely be expected. 

The present work divides itself naturally into three sections. 
In the first is given the results of a thorough examination of the 
instrument and of the constants of reduction, together with the 
triangulation of the group undertaken by Dr. Schur. In the 
second part is presented the measurements of position angle 
and distance of the stars by Dr. Winnecke, made with the Bonn 
heliometer in 1857 and 1858 ; and in the third, the comparison of 
the results of the measurements made with the Bonn and 
Gottingen heliometers respectively. 

The investigation of the errors that accompany heliometrical 
measurement and their elimination, however complete and 
satisfactory, will only be of interest to experts in the use of this 
delicate instrument; but as evidence of the accuracy finally 
attained, we may quote the resulting values of the scale, derived 
from the measurement of the distances between stars in different 
parts of the heavens, whose places were determined with great 
accuracy for the reduction of the heliometer observations made 
in the Transit of Venus expedition. The places of the “ Victoria ” 
stars have been taken from Dr. Gill’s paper :— 


Stars in Cygnus ... 
,, Hydra 
,, near Pole 
“Victoria” stars ... 


Dr. Schur’s value. Dr. Ambronn’s value. 

h n 

.. 40-01601 40-01915 

.. 40-01506 40-01610 

.. 40-01562 40-01678 

.. 40-01750 . 40-01710 


In a measurement of approximately 2°, the two observers 
would assign values different by only o"-22, a degree of accuracy 
upon which they may be congratulated. 


1 “ Astronomische Mittheilungen von der Koniglichen Sternwarte zu 
Gottingen.” Die Oerter der helleren Sterne der Prresepe. Von Dr. 
Wilhelm Schur. (Gottingen, 1895.) 
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Notwithstanding this apparent accuracy, there still remains an 
unexplained discrepancy between measures made with the 
heliometer and the distances deduced from meridian observa¬ 
tions. Dr. Gill has called attention to this peculiarity, and has 
suggested an explanation which does not seem to be satisfactory 
to Dr. Schur, or to apply to the Gottingen instrument, where a 
distance of about 1000" appears to be measured too small by 
approximately a quarter of a second. This difference disappears 
for distances of about 5000", and reappears with an opposite 
sign for the greatest distances possible to measure with the 
Gottingen heliometer. Dr. Schur employs, and justifies the 
employment of an empirical correction of the form— 

Correction = as + bs 2 + cs 3 

where the unit of s is 1000 seconds. On the assumption that 
the correction disappears for j = 5, and is at a maximum for 
s = i'3, he derives the following values for the coefficients':— 
Correction — (>"‘473 (j - 0*50 s 2 + o*o6j 3 ). 

The investigation of the corrections to the readings of the 
position circle is made with quite aS much care as that devoted 
to measures of distance, but the probable error of a distance 
measure is only half as great as that of a measure of angle. This 
result, confirmed as it is by similar discussions in the case of 
other heliometers, induces Dr. Schur to base his triangulation 
of the group on measures of distances, reserving the measures 
of position angle for the orientation of the entire group after the 
solution of the triangles. The observations began in February 
1889, and are continued till March 1892, and embrace forty-five 
stars of the group. The combined measures give rise to 123 
measured distances, and each of these is compared with the 
distance computed from Asaph Hall’s catalogue of the stars of the 
Prgesepe Group (“Washington Observations,” 1869, Ap. iv.), 
giving rise to as many equations of condition. These are col¬ 
lected into an enormous normal equation of seventy-four un¬ 
knowns. The solution of such an equation is sufficient to make 
the boldest arithmetician waver, and seek some approximate 
solution, but Dr. Schur preferred to adhere strictly to the 
method of elimination proposed by Gauss, and after weeks of 
labour brought his work to a successful conclusion. Such a 
labour so carried out in the University of Gottingen, is a not 
unfitting tribute to the memory of the great mathematician whose 
name is connected with that particular form of solution. With 
a similar disregard to the quantity of labour involved, and with 
all the accuracy attainable, Dr. Schur finally fixes the coordinates 
of the forty-five stars under consideration. 

A melancholy interest is attached to the second part of the 
memoir in which the results of Winnecke’s measures are given to 
the world. The introduction is the work of that distinguished 
astronomer, and it will be a matter of sincere regret to all that 
his state of health has not permitted him to continue to the end 
an investigation of so much value and thoroughness. That the 
task of completion and editing has fallen to Dr. Schur is fitting 
and appropriate, and must have been to him a labour of love. 
The principal difference in the methods of observation at Bonn 
(where Winnecke’s observations were made) and Gottingen con¬ 
sists in the greater reliance placed by Winnecke on the measures 
of position angle, a confidence scarcely warranted by the prob¬ 
able error deduced from the observations, which Dr. Schur gives 
as follows :— 

Probable error in distance of 2000" ... = ± o' 7 *218 

,, ,, in position angle (in a great circle) = ± o"*379 

The final result is to give a catalogue of the places of 45 stars 
for the epoch 1858, which are comparable with the catalogue of 
Dr. Schur for the epoch 1890*54. The comparison of these 
two catalogues and the discussion of the proper motion forms 
the third section of the work. 

Dr. Schur first examines the relative accuracy of the two cata¬ 
logues, and decides in favour of the more modern, in the propor¬ 
tion shown by the following :—■ 

Gottingen. Bonn. 

Probable error of distance (4000") ± o"* 193 ... ± o"*354 
j> >> position angle ± o ,/ *359 ... dL o"*5o6 

From considerations based on these and similar facts drawn 
from meridian observations, Dr. Schur concludes that a difference 
of o"-27 in the place assigned to a star in the two catalogues can 
hardly be regarded as a proof of the existence of proper motion. 
The difference between the coordinates both in R.A. and Declin¬ 
ation, though larger than this quantity, is everywhere small and 
negative. The proper motion of ten of the stars has also been 
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determined by Dr. Auwers from the meridian observations of 
Bradley and Mayer, and these show in the mean a correction to 
the heliometrically deduced proper motions of - o s *ooc>3 and 
+ o'‘039 in R.A. and Declination, respectively. This discre¬ 
pancy is subsequently traced to corrections due to the funda¬ 
mental catalogues employed, and the final star places given on 
pp. 298-9 possess an accuracy that will make them of value for 
many purposes. 

Finally, a comparison is instituted between the proper motion 
of the group as observed, and the motion that might be ex¬ 
pected from the progressive motion of the solar system. The 
result is not in very satisfactory agreement. The parallactic 
displacement of the solar system is 

Aa — -o s *ooi6 ... AS~o"*020 

Proper motion, Auwers = — 0 s *0044 ... -fo"’oo7 

,, ,, other sources— — o s '004i ... -o"'032 

The question of absolute parallax enters here, and to this 
point Dr. Schur promises to return, possibly in connection with 
photographic researches. W. E. P. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

The following appointments have recently been made abroad : 
—Bale, Dr. R. Metzner, of Freiburg, to the Chair of Physiology ; 
Barcelona, Dr. Gil Saltor Lavali to the Chair of Surgical 
Pathology ; Breslau, Dr. Jacobi, Professor of forensic Medicine ; 
Bonn, Dr. Finkler, Ordinary Professor of Hygiene ; Columbian 
University, Wisconsin, Dr. W. Reed to the Chair of Bacteriology 
and Pathology, and Dr. M. T. Phillips to that of Hygiene ; 
Granada, Dr Rafael Molla y Rodriguez, of Havana, Professor 
of Clinical Surgery; Genoa, Dr. Canalis, Ordinary Professor of 
Hygiene ; Harvard, Dr. H. C. Ernst, Professor of Bacteriology ; 
New York (Polyclinic) Dr. Wilbur B. Marple Professor of 
Ophthalmology, Dr. W. R. Pryor Professor of Gynoecology, 
and Dr. W. R. Townsend, Professor of Orthopaedic Surgery ; 
Prague (Bohemian University), Dr. J. V. Rohon Extraordinary 
Professor of Histology; Tomsk, Dr. F. Kruger Extraordinary 
Professor of Medical Chemistry ; Wurzburg, Dr. K. Rieger 
Ordinary Professor of Psychiatry; Zurich, Dr. II. von Wyss 
Extraordinary Professor of Forensic Medicine. 

Dr. J. H. Hyslop has been appointed Professor of Logic and 
Ethics in Columbia College, New York. Dr. J. Allen Gilbert, 
of Yale, goes to the University of Iowa as Assistant Professor 
of Psychology. 

According to Science , Dr. Wilhelm Roux, of Innsbruck, has 
been called to the chair of Anatomy in the University of Halle ; 
Dr. K. Seubert, of Tubingen, to the chair of Chemistry in the 
Technical High School, Hanover, and Dr. Kallius, of Gottingen, 
to the chair of Anatomy at Tubingen. 

Messrs. E. B. Titchener and J. E. Creighton have been 
made full professors in the Sage School of Philosophy in Cornell 
University. 

Prop'. Mark W. Harrington has accepted the presidency 
of the University of Washington. 

The Aberdeen Town Council have agreed to give an annual 
contribution of ^200 for the establishment of a department for 
instruction in agriculture, in connection with the University of 
Aberdeen, provided that a similar sum be given by the County 
Council. 

The prospectus of the Science, Art and Technical Schools, 
Plymouth, for the fourth session, 1895 96, Fas been issued. 
Copies may be had of the Secretary. 

We have received a copy of the syllabus of lectures to be 
delivered in the Engineering Department of the City of London 
College, Moorfields, during the coming session. 


SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, September 9.—M. Marey in the 
chair.—A memoir was presented by M. Wladimir de Nicolaiew, 
entitled “On the attempt to show currents of electric 
displacement and on the magnetic induction of iron in the 
alternative state.”—Results of solar observations, made at the 
Royal Observatory of the Roman College, during the first 
quarter of 1895, by M. P. Tacchini. The diminution of 
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frequency of spots was maintained during this quarter with a 
secondary minimum in January. Protuberances showed the same 
minimum although the season was unfavourable for their observa¬ 
tion.—On the forces developed by differences of temperature 
between the two main plates of a beam with continuous trusses, 
by M. H. Deslandres. P rom the experiments made, differences 
of temperature between the upper and lower plates of a continuous 
girder cause supplementary forces of compression and extension, 
frequently reaching in the hot season 2 kg. per millimetre.— 
Observations on M. Deslandres’ note, by M. Maurice Levy. An 
exact demonstration giving the means of deducing the strains in 
every case.—On a theorem in geometry, by M. Mendeleef.— 
On nitro-substitutions, by MM. C. Matignon and Deligny. The 
conclusions are given: (1) Isomerides of position have always 
been found to have the same heats of combustion within the 
errors of experiment ; one only need be examined from a 
number of isomerides. (2) The mean difference in heats of 
combustion of a compound and its nitro-derivative is 45 Cal. 
Hence is deduced the equation 

RCII + N 0 3 H liq. = RCN 0 2 + H 2 0 liq. + 367 Cal. 

that is, the exact value found by Berthelot for the formation of 
nitro-hydrocarbons.—On the explosion of endothermic gases, by 
M. L. Maquenne. The conditions of propagation of an explosive 
wave initiated by detonators are given, and the influence of this 
explosive character on the industrial applications of acetylene is 
pointed out.—Influence of the winter 1894-95 on the marine 
fauna, by M. Pierre Fauvel.—On a gigantic terrestrial tortoise, 
from a specimen living in Egmont Islands, by M. Th. Sauzier. 
Dimensions are given of a specimen of Testudo Daudinii^ and 
compared with the dimensions of other known tortoises and the 
fossil T. Perpiniana. —Results of palaeontological excavations 
in the Upper Miocene of the “ colline de Montredon,” by M. 
Ch. Deperet.—On a superior limit to the mean area affected by 
an earthquake, by M. F. de Montessus de Ballore. From 
Japanese observations it is deduced that this higher limit is 1200 
square kilometres. 
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